Citrus peels, which are an exceptionally rich source of pectin, are produced in a large quantity by mandarin orange processing industries. The peel wastes are used in part as a feed additive for animals as a dried powder, but most of them are discarded in Japan. Previously we presented a procedure for preparing a crosslinked pectate by using epichlorohydrin (ECH) in an alkaline dimethyl sulfoxide (DMSO).1)2) Later the crosslinking method was used for preparing a water-insoluble hard gel, crosslinked cell walls (CLCW), from citrus peels to use the peel wastes.3) In this report we describe the further details of the procedure for preparing CLCWfrom citrus peels together with some properties of the gels obtained. Citrus peels were homogenized with 3 volumes of 99% ethanol in a Waring blender, followed by extracting with hot 70 and 99% ethanol to remove alcohol-soluble materials. The alcohol-insoluble solid (AIS, 10 g, on a dried basis) was saponified with 100ml of 0.1m sodium 3347 hydroxide in 50% ethanol at 4°C for 90min. Then the solid materials were separated by filtration on a sintered glass filter (G3), washed successively with 50, 70, and 99% ethanol, dried in air, and ground to a powder (150-250 fim). The saponified AIS powders were crosslinked with ECH in alkaline organic solvents. The standard conditions for the crosslinking are as follows: The AIS powders (10g), 40% DMSO(150ml), and ECH (40ml) were mixed in a 300-ml stoppered Erlenmeyer flask, followed by adding 50 ml of 5 m sodium hydroxide with stirring.
orange processing industries. The peel wastes are used in part as a feed additive for animals as a dried powder, but most of them are discarded in Japan. Previously we presented a procedure for preparing a crosslinked pectate by using epichlorohydrin (ECH) in an alkaline dimethyl sulfoxide (DMSO).1)2) Later the crosslinking method was used for preparing a water-insoluble hard gel, crosslinked cell walls (CLCW), from citrus peels to use the peel wastes.3) In this report we describe the further details of the procedure for preparing CLCWfrom citrus peels together with some properties of the gels obtained. Citrus peels were homogenized with 3 volumes of 99% ethanol in a Waring blender, followed by extracting with hot 70 and 99% ethanol to remove alcohol-soluble materials. The alcohol-insoluble solid (AIS, 10 g, on a dried basis) was saponified with 100ml of 0.1m sodium 3347 hydroxide in 50% ethanol at 4°C for 90min. Then the solid materials were separated by filtration on a sintered glass filter (G3), washed successively with 50, 70, and 99% ethanol, dried in air, and ground to a powder (150-250 fim). The saponified AIS powders were crosslinked with ECH in alkaline organic solvents. The standard conditions for the crosslinking are as follows: The AIS powders (10g), 40% DMSO(150ml), and ECH (40ml) were mixed in a 300-ml stoppered Erlenmeyer flask, followed by adding 50 ml of 5 m sodium hydroxide with stirring. Other details of the method have been given in a previous report.1} Under the standard conditions, the molar ratio of ECHto the sugar residues (as glucose) in AIS is approximately 10. Table I shows some properties of CLCWs prepared by the standard method from peels ofHassaku (Citrus hassaku were investigated using saponified AIS powders ofHassaku in the presence of25% DMSOor 25% ethanol (Fig. 1) . A maximal yield was obtained with more than 5 of the ECH/sugar molar ratio, although the maximal yield in ethanol was about 10% lower than that in DMSO (Fig.  1A) . Compared with the CLCWscrosslinked in ethanol, those obtained in DMSO gave a high content of free carboxyl in a wide range of the molar ratio of ECH (Fig.  IB) . As shown in Fig. 1C and ID, the swelling volumes of CLCW in water and in 5Msodium chloride solution increased with decreasing the molar ratio of ECH. This Expressed as a percentage of the dried saponified AIS powders. Measured by suspending 1.0g of dried CLCWin water in a 20-ml measuring cylinder and by reading the bed volume after 6 hr incubation at roomtemperature. The procedure used was essentially the same as that described by Manabe.4) To a dried CLCW(1.0 g), previously treated with 0.6 n hydrochloric acid-70% ethanol and washed successively with ethanol, acetone, and ether, were added 99% ethanol (5 ml), degassed deionized water (100ml), and sodium chloride (1 g), and the mixture was titrated with 0.1 m sodium hydroxide solution in the usual way. A titer of 1 ml is equivalent to 0.1 meqof free carboxyl or 17.6mg of anhydrogalacturonic acid (or 17.6mg of pectic acid). Table I. tendency was more pronounced in the CLCWsprepared in ethanol. At the molar ratio of 10, however, both CLCWs showed similar swelling volumes of about 6ml/g, which are roughly comparable to the swelling volume of a commercial dextran gel, Sephadex G-25. In addition, five kinds of organic solvent (methanol, ethanol, isopropanol, acetone, and DMSO) were used to knowtheir effects on the crosslinking; the concentration of organic solvent ranged from 0 to 65%in the reaction mixtures and the ECH/sugar molar ratio was selected at 2 and 10. The same saponified AIS powders as in Fig. 1 were used in this experiment. In each organic solvent, the best concentration range for crosslinking was 20-30% and 20-50% at the ECH/sugar molar ratio of2 and 10, respectively, where the yield of CLCWwas 80-90% and 90-100%, respectively. On the whole, DMSOwas found to be the best solvent, followed by ethanol, isopropanol, acetone, methanol, in order of decreasing effectiveness. This result gives additional evidence that DMSOis an effective solvent for crosslinking as reported previously,X) but, in our experience, neutral polysaccharides such as dextran, starch, and cellulose are more easily crosslinked with ECHthan acidic polyuronates. This probably explains the correlation between the yield and the carboxyl content of CLCW (Fig.   1 ).
Use of this CLCW as a selective cation exchanger for heavy metal ions was already presented in preliminary form.3) Similar behavior of pectates is known in the literature.5~7) The further study of this subject will soon appear elsewhere.
